This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of
to make the world’s books discoverable online.

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was nevel
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domair
are our gateways to the past, representing a wealth of history, culture and knowledge that’s often difficult to discover.

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book’s long journey fro
publisher to a library and finally to you.

Usage guidelines

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belon
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have take
prevent abuse by commercial parties, including placing technical restrictions on automated querying.

We also ask that you:

+ Make non-commercial use of the fild&e designed Google Book Search for use by individuals, and we request that you use these fil
personal, non-commercial purposes.

+ Refrain from automated queryirigo not send automated queries of any sort to Google’s system: If you are conducting research on m:
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encc
use of public domain materials for these purposes and may be able to help.

+ Maintain attributionThe Google “watermark” you see on each file is essential for informing people about this project and helping ther
additional materials through Google Book Search. Please do not remove it.

+ Keep it legalWhatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume |
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users
countries. Whether a book is still in copyright varies from country to country, and we can’t offer guidance on whether any specific
any specific book is allowed. Please do not assume that a book’s appearance in Google Book Search means it can be used in al
anywhere in the world. Copyright infringement liability can be quite severe.

About Google Book Search

Google’s mission is to organize the world’s information and to make it universally accessible and useful. Google Book Search helps
discover the world’s books while helping authors and publishers reach new audiences. You can search through the full text of this book on
athttp://books.google.com/ |



http://books.google.com/books?id=3_4JAAAAIAAJ&ie=ISO-8859-1&output=pdf
















Cyane

-









—

Ore

WORKS OF
PROF. WALTER R. CRANE

PUBLISHED BY

JOHN WILEY & SONS

Jold and Silver

Comprising an Economic History of Mining in
the United States, the Geographical and Geo-
logical Occurrence of the Precious Metals, with
their Mineralogical Associations, History and
Description of Methods of Mining and Extrac-
tion of Values, and a Detailed Discussion of the
Production of Gold and Silver in the World and
the United States. 8vo, x + 727 pages, illus-
trated. Cloth, $5.00 net.

Index of Mining Engineering Literature

Comprising an Index of Mining, Metallurgical,
Civil, Mechanical, Electrical, and Chemical Engi-
neering Subjects as Related to Mining Engi-
neering. 8vo, xii+812 pages. Cloth, $4.00 net.
Morocco, $5.00 net.

Mining Methods

Compriging descriptions of methods of support
in extraction of ore, detailed descriptions of
methods of stoping and mining in narrow and
wide veins and bedded and masrive deposits, in-
cluding stull and square-set mining, filling and
caving methods, open-cut work and a discussion
of costs of stoping. 8vo, viii + 219 pages. 60
full-page plates. Cloth, $3.00 net.




THE NEW yorg
PUBLIC LIBRARY

ASTon, LENGX ang
T

Loen FOuNDATIONg, 1

el






ORE MINING METHODS

COMPRISING

DESCRIPTIONS OF METHODS OF SUPPORT IN EXTRAC-
TION OF ORE,DETAILED DESCRIPTIONS OF METHODS
OF STOPING AND MINING IN NARROW AND WIDE
VEINS AND BEDDED AND MASSIVE DEPOSITS
INCLUDING STULL AND SQUARE-SET
MINING, FILLING AND CAVING
METHODS, OPEN-CUT WORK
AND A DISCUSSION OF
COSTS OF STOPING

BY . ¥
WALTER R!'CRANE, Pu.D.

DEAN OF THE SCHOOL OF MINES AND METALLURGY, AND PROFESSOR OF
MINING, THE PENNSYLVANIA STATE COLLEGE

FIRST EDITION
‘R;'r- mohs;;no.- 3

o na.n-.
2

e e e s
)

ceete
et Cener
wveee Seues
e
“es
T
o .t
e
.
ceses ¥°
e v ste
e
e
el
‘e

NEW YORK
JOHN WILEY & SONS
LoNpoN: CHAPMAN & HALL, LIMITED

1910
LTINS



2 NEN YORK
PUBLIC LIBRARY

Py

-

[
|

30060
A81OR, _ENOX AND
TILBEN s~ NDAT'ONS.

6

L

P

CoPYRIGHT 1910

BY

WALTER R, CRANE

F. M. GILsSON COMPANY
BOSTON, u.s A.






iv PREFACE

all of the methods described are employed ; however, personal
inspection has been confined to the mines of the United
States.

Special acknowledgment of suggestions and advice is due
to Professors Henry S. Munroe and Edwin C. Holden, and
the large number of mining men who have extended many
courtesies to the writer while collecting the information
upon which the work is based.

WALTER R. CRANE.

‘THE PENNSYLVANIA STATE COLLEGE
ScHOOL OF MINES, Jan. 1, 19I0.

vee?
:,'t

Ceee
.

)
®ecee ecevoe
.






i CONTENTS

CHAPTER IV
Methods of Mining in Wide Veins and Masses

SHRINKAGE STOPING METHODS OF MINING. . ...........ovviieenenennnen
THE GorLp PrINCE MINE; ANIMAS Forks, COLORADO; THE ALASKA-TREAD-
WELL MINES, DOUGLAS ISLAND, ALASKA........cvuuitinnnnnuennnnnenns

SQUARE-SET METHODS OF MINING ..........0iiiiniineiiinennnnnenennnnn
THE MINES AT RosstanD, BriTisE CoLumBra; THE QUEEN MINE,

IroN DEPOSITS OF THE LAKE SUPERIOR REGION; THE MINES oF BINGHAM
CanyoN, UtaH; THE DIAMOND MINES OF SOUTH AFRICA

CHAPTER VI

INTRODUCTION . .. tteettanteetae ettt ianeenanaeenanneeennnes
DETAILED DiscussioN oF CosT OF STOPING
CosT OF STOPING IN VARIOUS LOCALITIES . ......coovvuenennnnnnnnnennnnn
THE CoPPER MINES OF KEWEENAW POINT, MICHIGAN; THE CRIPPLE CREEK
District, COLORADO; THE ALASKA-TREADWELL MINES, DouGLAs ISLAND,
Araska; THE LEAD-SILvER DistrIcT, CEUR D’ALENE, IDAHO; THE GOLD-
FIELD CONSOLIDATED MINES CoMPANY, GOLDFIELD, NEVADA; THE JOPLIN
Leap-Zinc District, Missourt; THE WAR EAGLE MINE, BriTisE COLUMBIA
COST OF SUPPORT IN STOPES. ... ucevenrsanenneneeneeneeanenseneensenns

110
110

131
132

155

156
158
163
166
172

183
187
193

207






LIST OF ILLUSTRATIONS

Ficure Pace
36. Back-filling Method used in Homestake Mines . ....................... 122
37. End View of Stope in Homestake Mine. Back-filling Method........... 124
38. Plan of Stopes of Back-filling Method, Homestake Mines............... 127
39. Longitudinal Section through Stopes in Homestake Mines. Back-filling

Method . . ... e e 130
40. Section through Vein, showing Development in Top-slice Method . ....... 131
41. Plan and Longitudinal Section of Top-slice Method .................... 134
42. Section through Lode, showing Method of Development in Sub-drift Method 137
43. Longitudinal Section and Plan of Sub-drift Method.................... 140
44. Plan of Block of Bad Ground worked by Sub-drift Method ............. 142
45. Longitudinal Section through Massive Deposit worked by Sub-drift Caving

Method. ...ttt e 144
46. Plan of Portion of Sub-Level, showing Method of Caving Ore by Raises... 147
47. Plan of Pipe and Method of Development (in Diamond Mines). ......... 149
48. Vertical Section through Pipe, showing Method of Working by Galleries... 150
49. Section through Pipe, showing Method of Working by Caving........... 151
so. Elevations and Plans, showing Method of Opening up a Stope. .......... 153
51. Sketch, showing Plan of Stopes run together . ......................... 154
52. Vertical Section, showing Stopes in Various Stages of W orkmg .......... 155
53. Mining Bank of Shaleby Hand......................... 0. .o ... 159
54. Quarry, showing Bench before Blast . ................................ 161
55. Quarry, showing Resultof Blast .................................... 162
56. Stripping Coal by Scrapers. ............ ...l e 164
§7. Section across Bingham Canyon, showing Beginning of Steam Shovel Work

in Stripping Capping . . ...t 167
58. Steam Shovel Mining in Soft Iron Ore of Birmingham District, Ala. . .. ... 170
59. Vertical Section through Massive Deposit of Iron Ore, showing Method of

Development and Working by Milling Method. ..................... 176


















6 ORE MINING METHODS

more permanent method of support where less timber i
employed. What timber support is used serves mainly fo
protection to the miners who as parts of an intelligen
system are directing and utilizing the tremendous force o
the superimposed mass of loose and broken rock and ore
which is slowly but irresistibly following the withdrawal of
the ore downward.

METHODS OF SUPPORT

The means of supporting mine workings may be outlined
as follows:

1. Pillars of ore or waste rock.

2. Timbering, consisting of props, stulls, cribs and square-
sets.

3. Fillings of ore or waste; the former temporary, the
latter permanent.

4. Support by indirect means, i.e., by arching the work-
ings and by caving methods, where the ore to be mined takes
the load temporarily, being reénforced by timber.

Pillars of Ore, or Waste Rock. — Pillars were naturally
first employed in the support of workings underground, and
will always be used instead of artificial support except when
their use means the permanent curtailment of the output
of the mine, or when they are less stable and durable than
other available supports.

The chief objection to the use of pillars, aside from the
loss of valuable mineral, is that it is difficult to ensure their
proper formation and location. To secure the maximum
benefit of supports of any kind requires that they should be






8 ORE MINING METHODS

the stope are usually known as ‘wall’ pillars. A s
form of wall pillar is the so-called ‘dead-end,” a pillk
tending the whole height of the stope and spaced at
vals of about 200 feet along the stope. (See Fig. 6.)

Timber as Mine Support. — Timber well adapted 1
in underground work is becoming somewhat scarce in
low alities in the United States. Oak is excellent 1
rarcly used owing to its scarcity. On the Pacific coa
cone-bearing or coniferous trees are widely used. (€
thirty-six varicties found there the most importan:
the Oregon pine, spruce, yellow pine, tamarack, sugar
pinion or bull pine, besides several varieties of fir anc
worxl.  In Washington and many of the Western
the Oregon pine is extensively used for both mine
surface work and is known in different localities by vz
names, such as, Douglas fir, Douglas spruce, yellow
red fir, while in the parlance of the lumbermen it is k
as Orcgon pine and Puget Sound pine. Yellow pin
though of no great durability or strength is widely use

Fir is quite strong, as is pine also, the softer woods h:
the advantage over the harder in that they crush
rcadily, thus taking up the load more uniformly.

Props or posts may be considered as the principal ele:
in mine timbering, being employed in connection with n
all forms of timbering under certain conditions. Props
posts may be round or square and are set normal to the
and floor of the workings. They have their widest ran
usefulness in flat or slightly inclined deposits and are t
fore especially applicable to bedded deposits. In ord
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20 ORE MINING METHODS

temporarily supported by pillars of ore and timber. In the
course of time the pillars begin to break up, and by care-
fully and systematically removing the timber supports and
attacking the pillars in such a manner as to assist the dis-
integration, practically all of the ore remaining above the
level worked may be drawn off with little or no danger to the
laborers or the integrity of mine workings.

The support of the caving ore and overlying caved
material is of the most temporary character and really
amounts to a well-defined and scientific control of the
movement of the caving mass rather than its definite
support.

In order that the methods of support discussed above may
be rendered still more comprehensive the following brief
statements are made regarding their application and com-
parative advantages and disadvantages.

Pillars of mineral constitute the most natural form of
support for underground workings. The advantages in their
use are: the vein-content left in place is probably the strong-
est possible support obtainable; support can be provided
at any desired point; there is no expense attendant upon
their use and no risk from fire. The disadvantages are: loss
of mineral when formed in ore; a tendency to make them too
small to save ore; also a like tendency and for similar reasons
to place them irregularly or dispense with them altogether.

Props or Posts can be used to advantage in a vertical or
nearly vertical position only. Their chief advantage lies in
the ease with which they can be placed and removed if
desired. '






22 ORE MINING METHODS

ferred underground with little work; it can be used a num-
ber of times, being drawn from one part of the mine to
another; a good support uniformly distributed over the walls
is obtained, and there is no fire risk.

The disadvantages resulting from the use of filling are
shrinkage of filling disturbing workings and a tendency for
the filling to become quick and flow under pressure.

Caving as an indirect method of support is applicable to
large deposits only; requires continuous and rapid work;
the loss of mineral may be considerable owing to the move-
ment of the caving mass getting beyond control; and a large
amount of timber is required with certain deposits. The
advantages are: a large output at moderate cost; operations
must begin near the surface; and the overlying rock must
cave readily.
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The direction of the working face with respect to the
lines of development, as levels, raises and winzes, furnishes
the basis for the above classification. The methods of
stoping as outlined may then be defined as follows: Over-
hand stoping is working up the dip and usually in a direc-
tion diagonal to raises and winzes; underhand stoping is
working down the dip also in a direction diagonal to raises
and winzes; breast stoping may be either overhand or under-
hand stoping applied to deposits of slight inclination and
resembles breast work in coal mining; combined stoping is
where both overhand and underhand stoping are carried on
in the same working place or stope, the two lines of working
faces extending diagonally up and down the stope from a
common point in the center of the stope; side stoping is
where the working face is parallel with the winzes; while
longwall stoping has the working face parallel with the
levels. These terms are, however, more or less elastic and
may be employed differently in various districts and mines.

The conditions influencing and controlling the choice of
method of stoping are as follows:

1. Character of ore and its value.

Occurrence of valuable mineral.

Width of vein or deposit.

Dip and pitch of ore body.

Size and shape of ore bodies other than in veins.
Character and condition of wall-rocks.

AL ol S

7. Cost of timber for support.
Of the conditions given above that of dip or inclination
probably exerts the greatest influence on method of stoping,






















































42 ORE MINING METHODS

often necessitating underground or surface ore bins of suffi-
cient capacity to maintain the output of the mine should it
be necessary to temporarily stop breaking ore.

5. The difficulty experienced in disposing of waste sort:
from the ore. '

6. Loss of ore in pillars.

Breast Stoping is applicable to inclinations below the
angle of repose of broken ore, which is about 38° with the
horizontal. As a rule, however, breast stoping is usually
carried on at much lower dips as under 10°. Thick deposits
may be worked in benches, but this usually leads to a com-
bination of breast and underhand work. A deposit 10 feet
thick can readily be worked by breast stoping; the height
of face increasing the fall and consequently the distance that
the ore will travel from the face on moderate dips.

The advantages of breast stoping are:

1. Deposits of low dip can readily be worked.

2. The best conditions for mounting drills and f:a.king
advantage of working face are obtained.

3. Cars may be run close to the stope face.

4. Considerable waste may be left in stopes without
extra handling.

5. Ease of entrance and exit to and from the stopes.

The disadvantages of breast stoping are:

1. Levels are close together.

2. Much timber is used for support.

3. Extra cost of laying track and maintaining proper
grade to working face.

4. Difficulty in handling ore in stopes.








































































606 ORE MINING METHODS

stulls and lagging were placed. Subsequent work filled the
stope with broken ore which was drawn off as desired by
chutes spaced every 20 feet along the drifts. The width of
the stope was increased ultimately to 5o feet at one or more
points, but stood without support by carefully arching the
back. The combined stopes were raised to within about
15 feet of the surface, when raises were put up breaking
through, the remainder of the arch being cut out by under-
hand work.

In the meantime a second level was driven, as shown, at
the 130-foot level, which was, however, carried the full width
of the lode, being narrower at this point than above, and was
stulled and lagged with timbers of suitable size. The
second stope was raised to within about 6 feet of the 8o-foot
level, and raises were put through connecting the levels
above with the stope below. All handling of ore on the first
level was then abandoned and the ore from the upper stope
was drawn off through the raises connecting the stopes.
As the ore was drawn from the upper stope the pillars above
the levels were exposed and were attacked and stoped-out,
at the same time any ore exposed on the walls of the open
stope was broken down and ultimately loaded into cars on
the 130-foot level.

The third level was formed at the 23o0-foot point, the
ground between it and the second level being worked by
intermediate levels spaced so fect apart, especially in the
weaker ground, as in the sulphide ores. The intermediate
levels are permanently timbered. It is proposed to fill the
stopes with waste after the ore has been withdrawn.






















































84 ORE MINING METHODS

one wall to the other, the filling being run in to place rather
than shoveled.

Stopes may be completely worked out by this method,
but it is the usual practice to leave an arch pillar of 12 to
16 feet thickness between the stopes and the levels. (See
Fig. 22.)

The back-filling method is applicable to high and moder-
ately high dipping veins. The wall-rock and ore should be
fairly strong and practically self-supporting, although the
use of props is common.

The advantages of the method are:

1. Under favorable conditions little or no timber is re-
quired for support.

2. Levels are far apart, reducing the amount of develop-
ment work.

3. The working face is always close enough for thorough
inspection.

4. There is little danger of accidents.

5. Large outputs are possible.

6. Ore can be sorted and waste stowed in stopes.

7. Ventilation is good.

The disadvantages of the method are:

1. Applicable only to veins having strong or fairly strong
walls and ore. |

2. Difficulty and expense of forming waste chutes.

3. Loss of ore remaining in pillars.

4. Considerable handling of ore and waste-filling.






























94 ORE MINING METHODS

wall are sufficiently weak to break and cave readily. Itis
equally applicable to both high- and low-grade deposits.

The advantages of the system are:

1. It has a wide range of application as to thickness of
deposit.

2. A large percentage of extraction is possible.

3. A small amount of timber and powder is used.

4. Safety of men.

The disadvantages of the system are:

1. It is limited to deposits of moderate inclinations.

2. It is difficult to keep different grades of ore separate.

3. There is always danger of loss of ore from caving
ground.

4. It cannot be employed to advantage where the top
formations are hard and firm and do not cave readily.
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The arch pillars are removed by overhand stoping and
square-setting. the work being done in sections running
transversely with the stope. As the floor of the stope
above is approached considerable care must be taken to
prevent falls, but if the mat of timber has been properly
placed there is not much danger, provided the roof is re-
moved in small sections. As each section across the stope
is cut out to the stope above and timbered, it is filled with
waste, and work on another section is begun. It is ob-
viously necessary to sacrifice the timber employed in re-
moving the arch pillars, which is practically all that is lost,
the parts of the sets emploved in the drifts, cross-cuts and
raises being used again and again until broken, when they
are employed in making the timber mat. .

Owing to the weakening of pillars by under-cutting them
for the cross-cuts and by the vertical cuts for raises, also
for reasons of economy in the use of timber, a further
change was considered necessary. The present method of
mining, which has but recently been introduced, has had
these objectionable features eliminated, and while it has not
probably been in use sufficiently long to demonstrate com-
pletely its success and adaptability under all conditions, it
has so far proven amply adequate where its application
seemed advisable.

In this method the ore-body is divided into stopes and
pillars, the former being 60 feet wide, the latter 42 feet,
thus giving the pillars approximately 1oo-foot centers.
Through the center of each pillar a drift 6 feet wide is
run, from which cross-cuts are driven, one about midway °



































































148 ORE MINING METHODS

The advantages of the method are:

Large outputs are possible.

Mining cost is low.

Little timber is required except in caving sub-levels.
Ore is handled with little labor.

Main levels can be placed a considerable distance apart.
Danger of falls is slight.

Ventilation is good.

T o b N

The disadvantages of the method are:

1. Applicable to large deposits only.

2. Large amount of development work is necessary.

3. Loss of ore is considerable and value of ore occasionally
reduced by mixing of waste.

4. Considerable timber is lost in caving.

The diamond mines of South Africa are particularly
interesting from the standpoint of economic mining, which
L. Kimberly Dia- has’ been rendel:ed possible by the appli-

mond Mines,  cation of a caving system operated on a

South Africa. . .

2. Diamond-bearing large scale. The deposits of diamond-

rock. . . in d .

3. Pipes. bearing material occur in ducts or pipes
4. Several i i i
poveral acresin  which starnd vertically or nearly so and
penetrate a number of formations for a
known depth of several thousand feet. (See Figs. 48 and 49.)
The pipes are roughly round or oval in shape, and vary in
area at the surface from a few to 50 acres. The walls with
the exception of the black shale are fairly strong and stand
well. The shale presents the greatest difficulty to mining,

as it weathers rapidly and, falling into the open-cuts, fol-






































































































182 ORE MINING METHODS

shovel work than in the milling method, and more in hand
and steam-shovel work than in scraper work.

6. Ores may be sorted to better advantage by hand,
scraper and steam-shovel work than in the milling method,
and better in hand and scraper than with steam-shovel
work.
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The Alaska-Treadwell Mines, Douglas
Island, Alaska

The successful operation of the large gold mines of
Douglas Island, Alaska, is made possible by a number of
conditions, among which none is of more importance than
that of organization.

The large scale of the operations and the comparative
low grade of the ore pract cally necessitate very careful and
systematic management in order that the work may be
profitably carried on. The figures given below are for the
years 1go1 and 1go2.

Cost per Ton.

Machine work. . ... ..ol e $0.3793
Rock breaking..............coiiiiiiiiiiiiiiiii i 0.3124
Tramming. . ... ..ottt e 0.0359
Hoisting. ......ooo i i e i e et 0.0486
Explosives . . ... e 0.2269
Light. ..o 0.0085

L $1.0116

Ore is hard and firm, but drills and blasts quite easily.

Here, as in the last mentioned case, an attempt has been
made to distribute costs, charging to each operation the
proportionate amount of expenditure, but unless the dis-
tribution of costs is carefully made considerable confusion
and inaccuracy may result.






200 ORE MINING METHODS

The Goldfield Consolidated Mines Company,
Goldfield, Nevada

The costs of stoping during ten months of 19og are given
in the following tabulation:

Cost per Ton.

) I PP $1.24
Supplies. . .. .. i i et i 0.66
o 0.03
Department.........coiiiiiiiieinineereincenenncennnnns 0.125
ConStruction. . .. ...ooiiieiiiieinracncnencernencennnnns 0.02
General..... ..ottt e it i e e 0.18

Total. ..oiiiiit ittt it e it iaienen $2.38

Ore is a fair average for drilling and blasting.

The first three items given are regular and legitimate
cost for this kind of work; the last three are indeterminate,
and while they may be composed wholly or in part of ex-
penditures necessary for the proper carrying on of the work
of stoping, yet their designation leaves this in doubt.

The Joplin Lead-Zinc District, Missouri
The cost of breaking ground in the Joplin district varies
considerably owing to character of ground, which ranges
from very hard to very soft. The usual conditions existing.
in the sheet ground in the vicinity of Joplin, Webb City,
etc., permit the ore to be broken down at moderate cost.
The following costs are representative of the district:
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the figures from which the averages were calculated is a
controlling factor if short, otherwise not.

The War Eagle Mine, British Columbia

The costs previously given are for mines located in the
United States. The cost of stoping as given in the company’s
report of the War Eagle Mine for the year 1909 illustrates,
even to better advantage than in the previous cases cited,
the spread of costs, involving practically all operations
having to do with the underground work. The following
costs are figured on a ton basis:

I Drlling. ..o e e $1.53

2. Tramming and shovelling.................c.oiiiiiaat, 0.53

3. Timbering.........ocoiiiiiii i e 0.29

4. Hoisting. ... ...ooouiiiiiiiiniiiiininiiiiiiincnieennans o.13

§. Smithing..... ... o.1§

6. Ore sorting.......coviiinieinininnieceneincenonnnnnans o.or

7. General labor........... ... ool 0.30

- 1 o.21

9. Candles and illuminating oil................cooiiiiiaol, 0.03

10, Explosives...... ..o 0.02
11. Drillsand fittings. .. ......ooiei ittt o.25
12, Minesupplies...........cooii il o.0§
13. Lumberexpense........ccooviiiiiiiiiiiiiiiiiiia., 0.04
14. Stable and teaming............ ... il 0.03
IS, ASSAYINg. .. oivniiii it it i i e e 0.04
16, SUIVEYINg. . ..onvniit ittt i e e o.05
17. Electric lighting. .. ... ... ..., 0.02
18, Salaries. ... ... 0.03
19. Office eXPenses. ... vvuiveeruinieiuineerninineenennnens 0.18
20, General eXpenses. ... ..ottt e 0.05
Total. .ot e i i s $3.05

Ore drills and blasts moderately well.
In comparing this cost of stoping with others which have
not been so extensively distributed it would be necessary
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AMOUNT AND COST OF TIMBER, HOMESTAKE METHOD

Number Lineal L.b!”’
Name of Piece. of |pheor | (ostof | Sewine Total.
Pieces. Measure. Framing.
Sill-floor posts. . ... 421 3,650 $474.50 | $96.83 $571.33
Caps.............. 410 2,250 293.15 86.10 379-25
Ties. ............. 381 2,095 272.35 8o0.01 352.36
Sills, long. ........ 203 2,436 121. 12.18 133.98
Sills, short......... 382 2,101 10§.05 10.50 115.55
Lagging........... 1,752 10,214 §10.70 §1.07 561.77
Lagging to protect
track........... 764 4,454 222.70 22.27 244.97
Relief lagging...... 1,684 13,472 673.60 67.36 740.96
Wed%gs ........... 200 66 1.12 1.00 2.12
otals. ........|....o et $2,674.97 | $427.32 | $3,102.29

AMOUNT AND COST OF TIMBER IN MAN-WAYS, HOME-
STAKE METHOD

Number ;’Ml Cost of Is:bor.
eet or t wing
Name of Piece. Pi::q Feet Board| Material. and Total.
) Measure. Framing.
Upper-floor posts. . . 96 768 $99.84 | $22.08 $121.92
Caps.............. 48 264 34.32 10.08 44.40
Ties. ............. 48 264 34.32 10.08 44.40
Lagging, floors.. ... 96 560 28.00 2.80 30.80
Lagging, sides. .. .. 720 4,197 209.85 20.98 230.83
Drift pins. ........ 1,440 457 lbs. 22.85 [......... 22.85
Ladders........... 28 235 4.00 7.00 11.00
Labor standing sill-
floor timbers .. ..[.........[.... ..o oo 758.16
Totals. .......[.........].coee $3,108.15 | $500.34 | $4,366.65

The costs of the two methods were $o.257 and $o.060
per ton figured on an output of 73,000 tons from the stope,
thus showing a saving of $o0.197 per ton in favor of the
Homestake method.

Comparative costs of a stope in a Cripple Creek gold
mine where stulls and filling were used are given in the
following table.
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Chut?:
in Tonopah Mine, 62.
mill holes, 175, 180.
in Trimountain Mine, 87.
sheet metal, 46.
stoppage of, 64.
timber, 70.
Caeur d’Alene mines, Idaho, 67.
Combination Mine, Goldfield, Nev., 64.
milling method, 179.
Combined stoping:
advantages of, 43.
disadvantages of, 43.
limits of, 43.
Comstock Lode:
square-sets and filling, 4.
temperatures of, 186.
timbering in mines, 3.
Contract systems, 189, 206.
Conveyors in stopes, 46.
the monorail, 46.
Corrals of waste in Hecla Mine, 70.
Cornish system of stoping, 30, 31.
Corduroy in Comstock e, 3.
Costs:

contract stoping, 189.
detailed, 187, 188.
drill-shift, 204.
factors influencing, 183, 184, 188.
in Alaska-Treadwell mines, 198.
in Cceur d’Alene mines, 199.
in Cgpper mines of Michigan, 194,
196.
in Cripple Creek mines, 197, 208, 209.
in Gotfﬁeld Mine, Nevada, 200.
in Joplin district, Missouri, 200.
in War Eagle Mine, B. C., 202, 206.
method computing, 191, 203, 205.
of breaking ore, 183, 185.
of labor, effect on stoping, 186, 197,
199. :
.of power, 190, 203.
of stoping, 184, 189, 193, 194, 198,
199, 200, 201, 202, 207.
in various localities, 193. ,
of supplies, 1go.
of supg:rt, 184, 207.
of timber, 199.
value of data, 191.
Covers in open-cut mining, 164.
thickness of, 164.
Cribs:
advantages of, 21.
crib-work in Broken Hill mines, 114,
115, 117.
disadvantages of, 21.
in stopes, 12.
used with filling, 12.

INDEX

Cripple ofCreek: 208

cost of stoping, 208, 209.
Cross-cuts, 77, 78.

in Alaska-Treadwell mines, ro1.

in Broken Hill mines, 113, 117.

in Gold Prince Mine, 97.

in Homestake mines, 121.

in Lake Superior mines, 132, 133, 138.

in mines, 77, 78.

in St. Lawrence mines, 81.
Cutting-out stoping:

at Keweenaw Point, 194.

in Alaska-Treadwell mines, 103

in Combination Mine, 64.

in Trimountain Mine, 87.

Dams:

}'or !ﬁo}%:g back ::jte, 12 5;l

or hol back ground, 1
Dead-ends, 8. 3
Depth of mining, open-ciat, 156.
Development :

in -Treadwell mines, 100.

in Baltic and Trimountain mines, 85.

in Bingham Canyon mines, 143.

in Broken Hill mines, 113, 115, 117.

in Cceur d’Alene mines, 73, 75.

in diamond mines of S. Africa, 149,

152.
in éold Prince Mine, Colo., 97.
in Homestake mines, 121.
in Lake Superior iron mines, top-slice
method, 132.
in Lake Superior iron mines, sub-
drift method, 135.
in Mercur mines, go, gI1.
in milling method, 173.
in Queen Mine, 107.
in steam-shovel mining, 168.
insst. Lawrence Mine, Butte, Mont.,
1.
in Susquehanna Mine, Minn., 139.
in Zaruma Mine, Ecuador, 77. .
Diamond, bearing formations, 148, 149,
152, 154.
Diamond mines of S. Africa, 148.
pipes and ducts, 148, 149.
Disposal of waste:
in open-cut work, 165.

in ‘open-cut, hand work, 158.
in open-stopes, 45.
Dome of equilibrium, 19.
arching of roof, 19, 184.
in underground milling method, 178.
when used, 19.

in strip-pits, 165.
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Homestake mines, milling method, 179.
recent method of mining, 126.

Iron Mt. Mine, Mo.:
depth of open-cuts, 156.

Keweenaw Point, Mich., 3.
temperatures in mines, 186.

r:
conditions affecting, 187.
costs, 189.

Lagging:
in Hecla Mine, 68, 70.
in Homestake mines, 125.
in Lake Superior iron mines, 133.
in Queen Mine, 108, 110,
in St. Lawrence Mine, 8o.
in Tonopah Mine, 62.
use of, 31.
Lake Superior iron mines, 178.
Keweenaw Point, 186.
Levels:
distance apart in iron mines, 57, 59.
distance apart in Tonopah mines, 6o,
132.
distance apart in diamond mines of
S. Africa, 152.
floors in Broken Hill mines, 115.
in Alaska-Treadwell mines, 100, 101.
in Broken Hill mines, 112, 117, 119.
in Combination Mine, 66.
in diamond mines, 152.
in Hecla Mine, 68.
in Homestake Mine, 120, 129.
in Lake Superior iron mines, 136.
in milling method, 173.
in Zaruma Mine, 78.
intermediate, in diamond mines, 152.
sub-levels in Bingham Canyon mines,
143.
Longwall stoping, 44.
application of, 44.
Loss of ore:
in Combination Mine, 67.
in diamond mines, S. Africa, 155.
in Gold Prince Mine, 1oo.
in Homestake mines, 129.

Man-way:
cribbed, 79.
in Broken Hill mines, 113.
in Bunker Hill-Sullivan Mine, 73.
in Lake Superior iron mines, 132.
Massive deposits:
stoping in, 32.

INDEX

Mat of timber:
m Homestake Mme, 125,
in Lake Superior iron mines, 133.
in Susq Mine, 141.
Mercur Mine, 89, 92.
Methods of Mmmg see Mining.

advantagea of, 179.

disadvantages of, 179.

glory-holes, 175, 177.

in Bingham Canyon mines, 145, 179.
in iron mines, 179.

method in ore mining, 172.

number of pits, 174.

ores best suited to method, 174.
pits, 173.

underground, 177.

Mil.l-holes

%!ory-hole mining, 175.
rimountain Mine, 87.

Mms

Alaska-Treadwell, 100, 104.
Atlantic, 8s.

Baltic, 8s.

Bingham Canyon, 141, 179.
Broken Hill, Australia, 110, 119.
Bunker Hlll-Sulhvan, 72.
Central, Mo., 186.

Ceeur d’Alene, Idaho, 67.
Combination, Goldfield, Nev., 64.
Comstock Lode, 3, 4, 186.
Cripple Creek, 208, 209.
Diamond, S. Afnea, 148.
Franklm, 8s.

Golden Gate, 89.

Gold Prince, Colo., 97, 98.
Granby, British Columbia, 166.
Hecla, Ceeur d’Alene district, 67.
Homestake, S. Dakota, 120.
Iron Mt., Mo., 156.

Keweenaw Point, Mich., 3.
Lake Superior iron, 178.

Mercur, 89, 92.

Queen, Negaunee, 106, 107.

cy, 8s.
St. Laurence, Butte, Mont., 8o.
Susquehanna, Mxnn 139.
Tonopah, Nev., 6o.
Trimountain, 85.
Zaruma, S. America, 77, 79, 115.
Mining:
advantages of stull method, Tono-
pah Mine, 63.
back-filling, St. Lawrence Mine, 84.
by filling, 77.
by hand, in open—cuts 158, 160, 162.
by scrapers, 1
by steam shovefs 167,
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Pill‘:z:
t, 37, 57-
sheet, ?n Ainh-dewell mines, 103.
size of, 7.

stump in Gold Prince Mine, ¢8.
stump in Bingham Canyon mines,
145.
wall, 36.
weakening by undercutting in Home-
stake mines, 126.
Pipes or ducts, in diamond mines, 148,

149.

Porphyry copper ore, Bingham Canyon,
143.

Power, in stoping, 188, 1go.

advantages of, 20.

disadvantages of, 20.

distance apart in iron mines, §59.

in mining iron ore, 56.

in St. Lawrence Mine, Butte, Mont..

"

methods of setting, 8.
size in iron mines, 59.

Posts:
advantages of, 20.
disadvantages of, 20.
in the Mercur Mine, 92.
in Zaruma Mine, 78.
methods of setting, 8.
with stull-sets, 68.

Quarry, open-cut work, 161.
Queen Mine, Negaunee, 106, 107.
Quincy, Mine, 8s.

Raises:
chute, 97, 101.
in Alaska-Treadwell Mine, ro1.
for ventilation, ro1.
in Alaska-Treadwell mines, 1or1.
in Bingham Canyon mines, 143, 146.
in Glory-hole mining, 17s.
in Homestake mines, 123, 128.
in Lake Superior iron mines, 132, 133.
in milling method, 173.
in stoping, 32, 33, 34.
main, 101.
use of, in stoping, 78, 81.
Raking ore in stopes, 46.
Resuing, 38.
application of, 43.
Rill stoping:
advantages of, 8o.
designation, 8o.
disadvantages of, 8o.
in Broken Hill mines, 115.
in diamond mines, S. Africa, 153, 154.

INDEX

Rill stoping:
in Trimountain and Baltic mines, 86.
in Zaruma mines, 77.
Rock walls:
in copper mines, 8s.
Roof o eries in diamond mines of
S. Africa, 152.
Room and pillar working:
in Alaska-Treadwell Mine, 100.
in Bunker Hill Mine, 117.
in Homestake Mine, 126.
in iron mines, Birmingham, Ala., 57.
in Lake Superior iron mines, 138.

:ﬂval;tages of, 165.

disadvantages of, 165.

drag in open-cut working, 163.

in open-cut working, 157, 163.
Shaft pillars, 7.

in iron mines, §7.
Sheet-pillars:

in Alaska-Treadwell mines, 103.
Shoveling:

in Homestake mines, 125, 128.

in Lake Superior iron mines, 138.

in open-cut work, hand mining, 6o.

in stopes, 46.

in Susquehanna iron mine, 139.
Shovelers:

in Homestake mines, 125.
Shrinkage stoping:

description of, 27.

in Alaska-Treadwell mines, 103.

in Broken Hill mines, 117.

in Gold Prince Mine, g7.

in Homestake Mine, 125.
Side stoping:

application, 44.

objection to use, 44.
Side-swiping in Mercur Mine, g1.
Slices:

inclined, in Broken Hill mines, 11s.

in Zaruma Mine, 78.

Sorting:

in Hecla Mine, 68.

in open-cut work, 182.

in Trimountain Mine, 88.

in Zaruma Mine, 8o.

of ore, 182.

in Trimountain Mine, 87.

of waste in stoping, 39, 42.
Spread of costs, 190, 197, 198, 202, 203.
Square-sets:

advantages of, 21, 112.

application of, 77.

cause of failure, 15.

cost of, in Homestake mines, 207, 208.
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Stnp-pits' Support:

in working coal, 165. oost of, 28, 184, 207.

size of, 163. cost of square-sets, 207, 208.
Stripping: indirect methods, 6, 19

as applied to removal of pillars, 138.
in open-cut mining, 157, 163, 164.
in stoping, 39.
t-s, 163.
tull

floors, 36, 40.
headings in Tonopah Mine, 62.
in Hecla Mine, 68.

in Tonopah Mine, 62.
Stull-set mining:

advantages of, 72.

disadvan of, 72.

in Hecla Mine, 67, 68.
Stulls:

advantages of, 21.

angle of underlie, 9.

battery of, 10.

disadvantages of, 21.

in Cceur d’Alene mines, 68.

in Combination Mine, 66.

in Michigan mines, 3.

in St. Lawrence Mine, 8o.

in Tonopah mines, 6o, 62, 63.

lagged, 43.
method of placing, 9.
waste, 10.
when placed, 10.
winged, so.
with props, 10.
with square-sets, 10.
Stull-floors, 40.
Stull-set, Hecla Mine, 68.
Sub-drifts:
advantages of, 94.
blind, in Alaska-Treadwill mines, 101.
disadvantages of, 94.
distance apart in diamond mines,

152.
height of, Lake Superior iron mines,
136, 138.
in Alaska-Treadwell mines, 101, 103.
in Bingham Canyon mines, 145.
in diamond mines, 152.
in Lake Superior iron mines, 132, 135,
136, 138.
in Mercur mines, 89, 9I.
in Queen Mine, Negaunee, Mich., 106.
method of mining, 135.
advantages of, 141.
disadvantages of, 141.
in Susquehanna Mine, Minn., 139.
Support:
y filling, 77, 78.
by stull-sets, 67.

methods of, s, 6.

ore in stopes, 27.

pillars of ore or waste, 6.

square-sets, 4, 10, 12, 13, 2I.

support of ore in stopes, 27.
Supplies in stoping, 188, 190.
Susquehanna Mine, Minn., 139.

Temperatures in mining, 186.
Terraces:
in dxamond mines of S. Africa, 154.
in iron mines, 138.
in open-cut work, 160.
in steam-shovel work, 169.
Test pits, proving deposits, 168.
Tight corner in stoping, 36, 44.
Timber:
A-form in Queen Mine, 108.
Cantilever supports, 115.
Corduroy, 3.
Cribs, 6, 12, 114, 115. .
eoongmy in use of, Homestake Mine,
126.
for mine use, 8.
handling of, 70.
in diamond mines, 152.
in Homestake mines, 121.
in Lake Superior iron mines, 139.
kinds of, 8.
lacing in Homestake mines, 128.
props, 6.
scarcity of, 8.
size of :
in Rossland, B. C., mines, 106.
in Susquehanna Mine, 139.
in Tonopah Mine, 62.
slides in Hecla Mine, 70.
nggl’e'sets, 4, 10, 12, 13, 1§, 17, 21,

use of broken, 126.

use of,. with caving, 5.

wall-pieces in Trimountain Mine,
8

7.
Toe of stope, 29.
Ton-day method of calculating costs,
191, 192.
Tonopah Mine, Nev., 6o.
Top-slice method of mmmg, 132, 135.
advantages of, 135.
d:sadvantages of, 135.
Trammers, 87.
Trimountain Mine, 8s.
Tunnels in diamond mines, S. Africa,
152,



INDEX

Underhand stoping:
advantages of, 41.
application of, 41.
disadvantages of, 41.
in milling method, 174, 178.

Ventilation:
in Bingham Canyon mines, 143.
in Combination Mine, 67.
in diamond mines, S. Africa, 155.
in mines, 186.
in Tonopah Mine, 63.

raises for, in Alaska-Treadwell mines,
101, 103.

Wages, 189.
Wall-pieces in Baltic and Trimountain
mines, 87.
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Wall pillars, 7.
Waste bank, open-cut work, 165.
Wheelbarro

use in stopes, 44, 54.

use in top-slice method, iron mines,

133.
Winged stulls, see Stulls, 5o, 51.
Winzes:

in Cceur d’Alene mines, 73.

in St. Lawrence mines, Butte, 81.
Woods, see Timber, 8.

Yates, B. C., 207.

Zaruma Mine, South America, 77, 79,
118.
























